The characteristics of our center for the university is that we have very large-scale experimental facilities as the TUS has here because Professor Ohmiya visited us and obtained some information about our Lab. (Figure 2-3-3 ). We have a huge cone hood where we can accommodate a threestory building fire and a large scale fire resistance furnace(3m by 3m by 4m), which is unusual where we can put assemblies of different steel structures and concrete. But in addition to that, we have the regular cone calorimeter. (Figure 2 -3-4) . And another which has a controlled atmosphere for combustion.
We will then go in lower scale to Thermal
Gravimetric Analysis, where now we use milligram quantities, Differential Scanning C a lo r i m e t e r, a n d m e a s u r e m e n t o f t h e pyrolysing gases for toxicity using FTIR and gas chromatography. (Figure 2 -3-5) This is our objective that we can characterize the flammability of materials if we know the structure of material. (Figure 2 -3-6 The motivation now for this work I will present comes from the fact that in order to do fire safety engineering, you have to do quantitative risk analysis. (Figure 2-3 Okay, but in order to do that we have to connect this information we want to get here for example the detection time with a deterministic model. Also we have to connect it with probabilistic data because even the response of the sprinkler, for example, is not deterministic. It has a probability because its reliability will deteriorate and may not respond on demand. In addition to that, there're other probabilistic issues related to uncertainties of the parameters used in deterministic model and more over there is also the uncertainty of the model. But basically, these other uncertainties in parameters and models can be reduced; however, there're probability issues we cannot reduce like as I said the response of a sprinkler. Now out of this logical scheme we create here with interaction of all these components among them, we can deduce all the possible scenarios and this is automatically done and it works and it works better than by hand. By hand, we have made mistakes.
Automatically, we found out these mistakes we made by hand not through the program.
Yet, all the possible scenarios are provided in an event tree automatically.
For risk analysis, you need the probability and the associated a consequence. For this purpose, we use the risk curve, which is a probability to have a consequence greater than at a certain value. This is the whole thing we have implemented for simple geometry and complicated building geometries and I will show you how we did that. ( Figure 2 -3-11) In this case, we use zone models. We can use two-zone models, but even in some cases, you can use one-zone model. This will generate all these things that we need to assess the fire, the temperature profile, the heat fluxes, the detector response, the available time for egress, and as I said that for simple geometry, you can use more complicated model, but the CFD models that exists now have a lot of uncertainties.
For the probabilistic model, we present the time of response of a sprinkler using a probability distribution function. (Figure 2 -3-12) Then there are a lot of elements. All these have a probability distribution function.
Then we use a Monte Carlo method where we assemble randomly, we pick randomly values and we use the risk @RISK 5.5 to map all the different combinations of the response of the different components and get the output. That's what we do. We use the deterministic models to characterize the detection time, the temperature detection, the heat fluxes, and so on for all the components, the probabilistic model to see the probability of response of sprinkler and other agents . Using not a single value, but probability distribution function. From this, we can get the output. Now this agent-based model is a bottomup approach. (Figure 2 -3-14) It is possible to address the interactions and rules once. It's not easy, but relatively easy as interaction.
Each one of the players, you can say players, yes, has its own rules and also it can add additional elements if you want. This is basically pretty simple. 
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We put the rules here. We don't have to worry about this so much that at what time the detection will respond and this we will set a 10 degrees rise here because this is a smoke detector. For the sprinkler and the fire brigade we will put the rules also.
If the alarm will activate, it will also inform the fire brigades to come. (Figure 2-3-18 ) If the alarm is not working, the fire brigades will not come for this case except if manually informed. You can put many more characteristics for each player.
For example, agent-based modeling is used to play a football game in the video. Then we put the rules when the vent activates. (Figure 2 -3-19) We also set the rules where the sprinkler activates and has interaction with the other elements and the fire brigade activates. (Figure 2 -3-20) In this case, we set that the sprinkler operation is effective and also where the fire brigades deploy the equipment, and if they are effective to put the fire out. (Figure 2 This slide lists some values we used for the fire safety systems, which is like a probability distribution, but we put it in simple terms most likely probability response, the maximum value, the lower value and then this is where the input. (Figure 2-3-25 ) We've got this information from statistical data and from reliability statistical or reliability data from NFPA and BSI in UK. or not and the alarm responding or not and so on, so this is the top scenario. For this scenario when the sprinklers respond, the fire will be out. You characterize this consequence as the damage will be zero, but we can do more calculations. We have done that, but by the time at which the fire was put out. We have two parameters, the probability and the consequences which are represented by the time at which the fire was put out. If the fire brigades put the fire out, it is at 669 seconds.
If nothing works, the fire will continue for infinity. We have here two columns, one is probability and the other is the consequence, which is expressed at that time at which the fire was put out. We can put other criteria because the computer programs give us also damaged criteria based on the temperatures and the heat fluxes.
We combine this together now in the risk curve. As I said the risk curve is one that is useful for risk management. What we have here is a probability that the consequence is expressed by the time greater than the time the fire will be extinguished. Here as a consequence, we considered the time at which the fire was put out. This is a risk curve you get. (Figure 2 -3-29) This expresses at this point the probability that the fire will put out at a time greater than 400-second as 0.3 and greater than 700 second as very small. But then here the nice thing about using automation, these are the different times that the fire was put out, but we can do also the uncertainty using their probability function, not a single value for the probability of response of the sprinkler or the detection, but different values. (Figure 2 -3-30) This provides uncertainty of the response. This is done automatically.
This shows again the uncertainty for some other conditions. (Figure 2-3-31 ) Now, how you really determine the uncertainty actually would determine the uncertainty that the probability that the fire will be put out at a certain time.
This probability is given by this curve in one case where the sprinklers were effective (Figure 2 -3-32) , (Figure 2 -3-33) . In the other case where the fire brigades were effective and so on. (Figure 2 -3-34) We can get all these as I said we allowed really with much effort.
It shows the output here as standard deviation as a mean value of response for sprinklers or when the vent operating and different conditions, which is a previous data already. (Figure 2-3-35) That's what it is. We've implemented that. We continue working. There is more work done in order to make it -we would like to make it commercially available. I think we're using it in everyday calculation. (Figure 2 I mean people are using it, using different models, but still I mean if you try to predict something real, you will see that there is difficulty. You can manipulate and get the result, but it's not predictive. This is postpredictive. Another important issue we will never finish is the design and assessment of fire safe materials. For the fire safety design, however, we have to go more than fire. We have to combine the design and to include all the effects, fire, blast, and earthquake. And blast is from explosions or from terrorist acts and this one probably we can have some discussion tomorrow.
Thank you for your attention. (Figure 2 
